Abstract. Central East Antarctic ice cores preserve strati-
Introduction
Mineral dust is an active component of the climate system, interacting directly and indirectly with solar radiation, clouds and biogeochemistry (IPCC, 2007) . It is emitted by the action of wind stress on arid or semiarid areas, with low vegetation cover and the capacity of accumulating fine-grained material (Prospero et al., 2002) ; as such, dust source areas may vary both in terms of activity and geographical location or in size in response to environmental changes. Once entrained in the atmosphere, small dust grains can be transported over large distances by winds before they are deposited on the surface (Prospero et al., 2002) . In environmental settings where formation and preservation of a continuous and undisturbed stratigraphy is likely, mineral dust represents a proxy for past climate, atmospheric and environmental changes (Kohfeld and Harrison, 2001) .
Ice cores are invaluable climate archives (EPICA Community Members, 2004; Steffensen et al., 2008) . Dust records from ice cores have been produced from both low-latitude ice caps (Thompson et al., 1995; Xu et al., 2010) and polar ice sheets (Petit et al., 1999; Lambert et al., 2008) , preserving information on past variability of the dust cycle. In particular, dust records from polar ice cores have been shown to be very reliable indicators of climate variability on glacialinterglacial time scales (Fuhrer et al., 1999; Lambert et al., 2008) . Most of the more detailed information on dust deposition in Antarctica on glacial-interglacial time scales stems from ice cores drilled in the Central East Antarctic Plateau (CEAP), e.g. Vostok (Petit et al., 1999) and EPICA Dome C (EDC) (Lambert et al., 2008) . All sites from CEAP can be considered rather homogeneous in terms of snow accumulation rates, dust depositional fluxes, glacial-interglacial ratio of dust deposition and remote dust sources . On the other hand, the peripheries of the East Antarctic Ice Sheet are still poorly explored from this point of view (Delmonte et al., 2010b; Bory et al., 2010) .
We present here a new mineral dust record spanning the period from 2 to 23 kyr Before Present (before 1950 AD; BP), obtained from the TALos Dome Ice CorE drilling project (TALDICE). Talos Dome (159 • 11 E, 72 • 49 S, 2315 m a.s.l., Fig. 1 ) is a peripheral dome located in the South Pacific/Ross Sea sector of the East Antarctic Plateau (www.taldice.org). The uppermost 1550 m of the 1620 m deep TALDICE ice core provides an undisturbed record of paleoclimate for the Ross Sea sector of East Antarctica, covering the past 250 000 yr . The geographic location of the drilling site, with relatively high snow accumulation rates (80 kg m −2 yr −1 , average 2004-1259 AD), enables accurate dating of the core, particularly during the last climatic transition . The site also provides a good relative chronological link with other relevant Antarctic and Greenland ice cores (LemieuxDudon et al., 2010) .
The climatic history of TALDICE was depicted by stable water isotopes (δ 18 O) profiles, in comparison with other Antarctic sites. Some differences highlighted Talos Dome's more "coastal" behaviour compared to sites from CEAP, with distinctive features reflecting changes in local elevation and/or in moisture source and pathways linked to the retreat of the Ross Ice Shelf/Ice Sheet and thinning of the peripheries of the East Antarctic Ice Sheet during the deglaciation Masson-Delmotte et al., 2011) .
Previous work has shown that dust deposition at TALDICE responded to large climate variations on glacialinterglacial time scales, similar to the CEAP sites, with higher fluxes during cold stages (Delmonte et al., 2010b) , when TALDICE and CEAP sites had a similar dust isotopic composition, suggesting common dust sources (Delmonte et al., 2010a) . On the other hand, a different dust isotopic composition between TALDICE and CEAP sites during the Holocene, together with the presence of dust grains larger than 5 µm (diameter) that were virtually absent in the EDC core, highlight the significant contribution of dust of local origins to the TALDICE dust content (Delmonte et al., 2010b) . The likely candidates to act as local dust sources are the widespread high-elevation ice-free areas of Northern Victoria Land (Delmonte et al., 2010b) .
In this work, we present and analyze a higher resolution dust record, and in light of previous works (Delmonte et al., 2010a, b) , we carry out a closer inspection of dust flux and grain size variability with respect to the TALDICE stable water isotopes (δ 18 O) profile, and compare this profile to EDC, which is assumed to be representative of CEAP sites. In this (Conway et al., 1999; Hall, 2009). comparative dust-δ 18 O Talos Dome versus CEAP analysis throughout the deglaciation and the Holocene, we explore possible links between dust sources, atmospheric variations and the deglaciation history of the Ross Sea embayment.
Analytical methods
In this work, we present ∼550 discrete (25 cm long) ice sections in the 175-870 m depth range, corresponding to the ∼2-23 kyr BP time period , with an average time resolution of one sample every ∼30 yr for the Holocene (average sample time span ∼5 yr) and the deglaciation and one sample every ∼350 yr for the LGM (average sample time span ∼23 yr). Samples were decontaminated in a clean room (class 1000) under a laminar flow bench (class 100) following the procedure adopted in Delmonte et al. ( , 2010b . Post-melt samples were settled for 24 h and then analyzed for their insoluble mineral dust concentration and size. This was done to avoid the counting of metastable compounds that may be still in the solution immediately after melting (Sala et al., 2008) . The analyses of dust concentration (number and volume) and size were performed at the University of Milano-Bicocca using a Beckman Coulter-Multisizer ™ 3 Coulter Counter ® , with three replicate measurements for each sample. The size range of the measurements was 1-30 µm. Mass concentration was calculated assuming a 2.5 g cm −3 of particle density (e.g. Petit et al., 1999) . The dust concentration profile was then compared for inter-laboratory calibration with measurements from the LGGE in Grenoble (Delmonte et al., 2010b) . We compared our set of samples against a set of 150 blanks, in terms of number concentration by applying a 1-tailed t-test (α = 0.05). The results for the 1-5 µm and the 5-10 µm range indicate that 100 % and ∼95 % of the samples were significantly higher than the blanks, with an average signal-tonoise ratio of 40 and 15, respectively. We then calculated the measurement uncertainties, defined as the ratio between the standard deviation of the mean and the mean from the three replicates, and expressed them as percentages. The 90th percentile of uncertainties is 5 % and 10 % for the 1-5 µm and the 5-10 µm range, respectively. A fine particles percentage (FPP) metric was used to describe dust size distributions, following . The age profiles were based on the TALDICE-1 timescale (chronological uncertainties: ±300 yr from 8 to 15 kyr BP, ±500 yr back to 17.5 kyr and up to ±1500 yr during the Last Glacial Maximum, LGM) . Dust depositional fluxes were calculated as dust concentration (mg dust per kg of ice/firn), multiplied by the ice/snow accumulation rate (kg m −2 yr −1 ) from Buiron et al. (2011) .
The TALDICE dust profile: main features
Typical examples of dust measurements from the TALDICE ice core are shown in Fig. 2 . Generally speaking, the mass (volume) size distributions of dust in the TALDICE samples (<5 µm size range) are characterized by a poor size sorting during the current interglacial period (Fig. 2a) , but shaped as log-normal distributions with a variable modal value around 2 µm during the LGM (Fig. 2b) . In addition, particles in the 5-10 µm range are present in significant amounts in our samples, in contrast with CEAP sites, where they are virtually absent . These findings confirm the preliminary results from Delmonte et al. (2010b) for Talos Dome. Similarly, the presence of particles larger than 5 µm of possible local origin has been observed on Berkner Island, in the Weddell Sea sector of Antarctica, in opposition to the more inland and high elevation site of EPICA Dronning Maud Land (Bory et al., 2010) .
The main features of the TALDICE dust profile are shown in Fig. 3 , together with the δ 18 O profile (Fig. 3a) , a proxy of local temperature at the Talos Dome site . Both the dust mass concentration (Fig. 3b ) and the depositional flux profiles ( Fig. 3c) (1-5 µm size range) show large variability associated with glacial-interglacial changes, confirming the preliminary results from Delmonte et al. (2010b) . Dust concentration measurements were compared with the set of samples analyzed in Grenoble (Delmonte et al., 2010b) , which show a similar pattern and absolute values (Fig. 3b) . Comparison of concentration and flux profile trends provides a mechanism to check whether changes in accumulation rates are the sole controlling factor (see the definition of flux in Sect. 2). Here, this is not the case (cf. Fig. 3b and c). Flux, which represents the absolute deposition rate at the site and allows for direct comparison with other sites, will be discussed instead of the concentration profile throughout the rest of the paper.
Both the 5-10 µm dust flux profile ( Fig. 3d ) and the finer fraction (1-5 µm) clearly show the main climate transitions, although the magnitude of the variation of the coarse fraction is characterized by only minor changes on the glacialinterglacial time scale. The 5-10 µm size fraction accounts for ∼8 % of the total mass in the 1-10 µm range during the LGM, and ∼21-25 % in the Holocene, on average.
Following we plotted the FPP parameter ( Fig. 3e ), which shows a larger relative abundance of finer particles during the LGM compared to the Holocene. This pattern is qualitatively similar to that of EDC Lambert et al., 2008) , but a direct comparison is complicated by the presence of dust from local sources in TALDICE (Delmonte et al., 2010b) . While for the 5-10 µm size fraction we may assume that all of the dust is from local sources (Delmonte et al., 2010b) , it seems reasonable to consider dust in the 1-5 µm fraction as a mixture of particles from both local and remote sources, with unknown relative proportions, in principle. In addition, some recent analyses (Delmonte et al., 2012) by SEM-EDS on TALDICE Holocene dust samples show ubiquitous presence of volcanic material mixed with dust, even in the very low-concentrated background samples. Narcisi et al. (2010) pointed out the presence of 16 visible tephra layers of "local" origin (Antarctica) during the Holocene in the TALDICE record. While in terms of the insoluble particles flux this is a minor contribution that does not alter significantly the absolute values and the interpretations of our records (which do not include visible tephra layers), this obviously limits the possibility to use the Sr and Nd isotopic fingerprint of "bulk" dust extracted from the samples. Complementary to FPP, we use the [1-5 µm]/[5-10 µm] size metric, which also shows a larger relative abundance of finer particles in the LGMHolocene comparison (Fig. 3f) .
A closer inspection of the dust profiles (1-5 µm) reveals that after the LGM, during the first stage of the deglaciation, which started almost synchronously all over Antarctica at 18.2 ± 0.7 kyr BP (Termination I) (Fig. 4a, c) , the TALDICE dust flux (Fig. 4b) shows a drop in its absolute values with a decreasing trend at a rate of 2.2 mg m −2 yr −1 per kyr until the onset of the Antarctic Cold Reversal (ACR). Two events known as the Antarctic Isotope Maxima (AIM1: 14.7 ± 0.3 kyr BP and AIM0: 11.9 ± 0.1 kyr BP) bracket the ACR temperature reversal. After reaching a relative minimum at AIM1, which can be identified despite the high scatter of the data, the TALDICE dust flux (Fig. 4b) increases synchronously with the δ 18 O decline during the ACR (Fig. 4a) . After a relative maximum in dust flux, the timing of the declining dust trend from 13.4 ± 0.4 BP and the following minimum (13.0 ± 0.4 kyr BP) lead respectively the δ 18 O ACR/AIM0 transition (12.7 ± 0.4) and AIM0 (11.9 ± 0.1 kyr BP) . The early Holocene is characterized by large variability in the dust flux at Talos Dome, with a maximum deposition at ∼9 kyr BP. However, neither the dust flux (Fig. 4b) , nor the δ 18 O (Fig. 4a) show linear trends. The main feature of the record during mid-Holocene is a clear declining trend in dust flux from ∼8 kyr BP, which persists during the late Holocene, at least for the period spanned by our data (Fig. 4b) . This feature appears to occur in parallel with an increasing trend in δ 18 O (Fig. 4a) .
Discussion
The starting point of our discussion is the contribution of dust from both remote and local sources to TALDICE. First, we will examine the TALDICE dust-δ 18 O relationship and its time evolution in comparison with EDC (and by extension the CEAP), assumed to represent the remote dust endmember, and we will try to isolate the two superposed signals of remote and proximal dust deposition (Sect. 4.1). Finally, we will explore the relationship between the variations in the remote and local dust inputs to Talos Dome and climate and atmospheric changes (Sect. 4.2).
Comparing TALDICE and Central East Antarctic Plateau
We can directly compare the time evolution of the dust flux at Talos Dome (1-5 µm) with EDC (and the CEAP) (Fig. 4b) , and examine this in conjunction with the temperature history of both sites, as depicted by the δ 18 O profiles ( Fig. 4a and c, respectively). Both sites show a decrease in dust deposition fluxes on the glacial-interglacial time scale, but the absolute values (Table 1 ) -and the amplitude of these variations -are different: the LGM to Holocene flux ratio is ∼22 for EDC and in general for CEAP, but ∼4 to ∼10 for TALDICE when the Early and the Late Holocene are considered, respectively. This should not be surprising, considering the fact that local sources contribute dust to TALDICE, but not to EDC (Delmonte et al., 2010b) . Thus, the temporal variability of the contributions from local and remote dust sources at Talos Dome may explain the differences in magnitude and temporal patterns, with respect to the EDC dust flux, which is derived exclusively from remote sources and can be considered representative of dust deposition from remote sources on glacial-interglacial time scales for a broad area (Lambert et al., 2008; Mahowald et al., 2010) . While the dust isotopic composition indicates Southern South America as the primary dust source during glacial periods for both EDC and TALDICE (Delmonte et al., 2010a) , a possible contribution of Australia as a secondary, but significant dust source to the Talos Dome area -more than for the CEAP -is suggested by climate models, although those do not account for Antarctic sources (Li et al., 2008; Albani et al., 2011) . Given the predominant contribution of local dust to the geochemical fingerprint of TALDICE, it is not possible to directly test this hypothesis (Delmonte et al., 2010b) , nor to assess if time-varying relative contributions from remote sources during the Holocene differentiate EDC and TALDICE dust deposition. During the LGM, the dust flux is apparently lower at TALDICE compared to EDC. At this time, dust at Talos Dome is thought to be derived mainly from remote areas (Delmonte et al., 2010a ). This apparent difference in the magnitude of the deposition at the two sites, at a time when they are characterized by a common geochemical fingerprint (Delmonte et al., 2010a) , may be explained either by (1) a bias in TALDICE data related to the limited number of samples analyzed so far for the glacial period, compared to the large variability of the data during LGM, and/or (2) a relative dating error between the two sites for this time interval, influencing accumulation rates and dust fluxes, and/or (3) a real difference in dust flux from remote areas related to geographic position and atmospheric circulation. We will not discuss this further as this does not affect our interpretations and is beyond the scope of this paper.
During Termination I (18.2 ± 0.7 kyr BP) both TALDICE and EDC dust flux records show a decreasing trend, similar both in terms of magnitude and rate of decrease (Fig. 4b) , at the time of the drop in dust advection from remote sources (Delmonte et al., 2010a) . After ∼16 kyr BP the dust flux magnitudes and patterns clearly diverge, whereas the δ 18 O patterns at TALDICE and EDC coherently evolve until ∼12.5-12.7 kyr BP (the different absolute values of δ 18 O reflect the different temperatures at the two sites) ). An apparent re-alignment of dust flux patterns occurs in correspondence with the onset of the ACR (Fig. 4b) . The δ 18 O profiles occur in parallel with the onset and termination of the ACR at TALDICE and EDC (Fig. 4a, c) . While the EDC dust flux and δ 18 O follow the same pattern, dust deposition at Talos Dome has different features: after ∼13.5-13.7 kyr BP the two profiles are definitively different, with an early relative dust minimum at TALDICE around 13 kyr BP, which is absent in central Antarctica. In addition, there is no evidence for the so-called "pre-Holocene dust minimum" (11.3-12.1 kyr BP), which has been found in different ice cores from central Antarctica, and was used for stratigraphic correlations . This difference may be explained by the presence of local dust deposition at Talos Dome, which probably masks a feature that can be related to the remote dust input based on our knowledge of the processes at EDC Lambert et al., 2008) . We have already described the TALDICE dust flux (Fig. 4b) and its apparent inverse correlation with the δ 18 O pattern (Fig. 4a) after 13 kyr BP through the Holocene. At EDC, on the other hand, while the dust flux shows a quick recovery after the pre-Holocene dust minimum and then is characterized by a slight long-term Holocene decreasing trend (Delmonte et al., 2005) (Table 1) , it does not seem to mimic the oscillations shown by the δ 18 O pattern. The EDC δ 18 O pattern is characterized by an early Holocene "optimum" with high values, followed by a relative minimum and then by a slight increase through the mid-Holocene (Fig. 4c) . Overall, while both EDC and TALDICE dust show a declining trend during the mid/late Holocene, it is rather difficult to establish (based on our present data) if any closer correlation could be identified, mainly because of the data resolution and the lack of knowledge on the proportions of all the possible contributions of local and remote dust to Talos Dome.
As a summary, during cold periods, when dust input from remote sources is large and a climate coupling between the mid-to-high southern latitudes exists (Petit et al., 1999; Lambert et al., 2008; Albani et al., 2011) , e.g. the end of the LGM and ACR, the patterns of dust deposition between TALDICE and EDC are more similar than for periods characterized by lower remote dust input, such as the end of the deglaciation and the Holocene. In addition, while the dust-δ 18 O relation at EDC seems to be closer on the glacial-interglacial time scale than within the Holocene, at TALDICE the Holocene similarity in dust and δ 18 O patterns is quite clear.
Linking TALDICE dust profile with climate and atmospheric changes
Understanding the factors controlling the variability of dust advection from local sources to Talos Dome is necessary in order to explain the whole TALDICE dust signal, as is the extent to which the regional atmospheric circulation modulates the variability of dust advection to Talos Dome. Work on water stable isotopes has shown how, when superimposed on variations in climate change patterns, differences in δ 18 O profiles among Antarctic ice cores can be understood if site-specific properties are considered Masson-Delmotte et al., 2011) . During the Holocene, the dust and δ 18 O profiles at EDC do not vary proportionally, which is likely to be an expression of the remote nature of dust reaching the site, and indicative of changed conditions at the dust source areas and/or in the mid-to-high latitudes atmospheric connection (Lambert et al., 2008) . The closer connection of dust and δ 18 O main trends at Talos Dome highlights the likely influence that local/regional changes had on the proximal dust contribution to the site. The main source of the differences between EDC and TALDICE δ 18 O profile can be related to the retreat of the Ross Ice Sheet (the grounded Ross Ice Shelf during the glacial period; Stenni et al., 2011) . In the following we explore the possible drivers of variability in local dust sources and transport to the Talos Dome site.
Potential proximal sources of dust for TALDICE include regoliths and Pleistocene glacial drifts located at high altitude in the Victoria Land. While some of these sources are known to have been active well beyond the Holocene and the LGM, some glacial sediments such as younger drifts became available during the last climatic cycle, and retreat moraines locally deposited during the deglaciation could have contributed dust after glacial maxima (Delmonte et al., 2010b and references therein). In the Talos Dome regional setting, the deglaciation (i.e. thinning of the grounded Ross Ice Sheet and retreat of its grounding line) started about 14 kyr BP at the Ross Ice Sheet margin, became widespread about 12 kyr BP, and was completed by about 8 kyr BP at Terra Nova Bay (Baroni and Hall, 2004; Baroni et al., 2005) . Afterwards, changes in the extension of the floating Ross Ice Shelf and sea ice continued throughout the Holocene (Hall, 2009) .
Dust transported from remote sources generally reaches Antarctica through medium/high tropospheric pathways (Li et al., 2008; Krinner et al., 2010; Albani et al., 2011) , although transport mechanisms acting in a competitive way may be responsible for differences in coastal areas compared to high-elevation inland sites Krinner et al., 2010; Bory et al., 2010) . On the other hand, because Talos Dome is located inland with respect to the icefree source areas (Fig. 1) , advection of air masses from the ocean is a necessary condition for the transport of local dust to the site. Presently, the Ross Sea sector around Terra Nova Bay is one of the most active areas of mesoscale cyclogenesis along the Antarctic coasts, particularly in the form of dry cyclogenesis, which near the Transantarctic Mountains can set up conditions for the development of barrier winds, generated by low-level blocking of air masses by the steep orographic barrier represented by the Transantarctic Mountains (Carrasco et al., 2003) . Some sectors of the East Antarctic Ice Sheet facing the Southern Ocean receive moisture-laden air masses, leading to snowfall mainly during the winter from western pathways, while Victoria Land is highly affected by the peculiar conditions in the Ross Sea, with additional eastern pathways during summer moving inland from the Ross Sea . We can thus consider the TALDICE δ 18 O profile, intrinsically related to precipitation events , as a proxy of atmospheric pathways favourable for dust transport to Talos Dome from local sources; precipitation events do fulfil the necessary condition of being associated with airflow directed towards the interior of the continent, which in our conceptual model blows dust from the ice-free areas to Talos Dome. One possible limitation of this approach is that snow precipitation events may represent just one of the possible mechanisms responsible for local dust deposition at TALDICE, because dry deposition of dust may also occur. At present, no information is available on the relative proportions of dry and wet deposition of dust at Talos Dome.
While comparing the TALDICE and EDC dust flux in the 1-5 µm size range (Fig. 4b) provides an appreciation of the additional contribution of local sources at Talos Dome, it is easier to evaluate the variability of local dust if we also consider the 5-10 µm size range (Fig. 3d) , which we assume as derived entirely from proximal sources. Dust flux in both size ranges shows variations in correspondence with Termination I and the ACR. Yet, the very limited changes of dust flux in the 5-10 µm fraction (Fig. 3d) suggest that advection from Antarctic sources varied only slightly in relation to the major climate changes on the glacial-interglacial time scale. This is not the case for particle flux in the 1-5 µm range (Fig. 3c) , which includes a contribution from both remote and proximal sources. It is interesting to note that the relative dust minimum in TALDICE dust flux, at ∼13 kyr BP, is evident in both size fractions (Fig. 3c, d ). After this minimum, the dust flux in both size fractions increases again and shows large variability around relatively high values until 8-9 kyr BP, when it starts to decline. The higher absolute values of the 5-10 µm fraction flux in the early Holocene compared to the relative minima at AIM1 and 13 kyr BP suggest that the variable dust flux pattern between 13 and 9 kyr BP could be related to the initial retreat of the Ross Ice Sheet (Fig. 1 ) in response to the deglaciation (Mackintosh et al., 2011) . The associated formation of retreat moraine deposits made then available new potential dust sources, in addition to those already active during the glacial period. This hypothesis partially relies on the assumption that the reduction in the longterm local dust flux after Termination I is related to a weakening of local transport frequency/intensity. Similarly, we can explain the pronounced Holocene decreasing dust trend starting around 8 kyr BP, observed in both size fractions (Fig. 3c,  d ) by considering two hypotheses: (1) the presence of local dust sources that underwent exhaustion during the Holocene or (2) changes in the atmospheric dust transport.
Based upon the hypothesis of an exhausting or reduced local source (formation of desert pavement on retreat moraine), a synchronous change in the dust grain size distribution, with an increasing 1-5 µm/5-10 µm ratio would be expected as a consequence of the weakening of the local source(s). This is not supported by the data, as the 1-5 µm/5-10 µm ratio (Fig. 3f) is variable, but rather constant after the deglaciation.
If we invoke changes in the transport of dust from local sources to Talos Dome to explain the Holocene decreasing trend in dust deposition, we should consider either (1) reduced frequency and/or intensity of maritime air mass advection related to the hypothetical long-term increase of katabatic winds, or (2) a long-term shift of the preferred trajectories of air masses on a climatological timescale, so that the potential source areas are subject to wind deflation to a lesser extent. Both hypotheses do not contradict the constraints posed by the observed dust size distributions, and they are not mutually exclusive. Nonetheless, there is evidence pointing to a possible change in atmospheric pathways during the middle and late Holocene.
S. Albani et al.: Last glacial to Holocene dust changes at Talos Dome
During the last glacial period, the presence of the Ross Ice Sheet affected the atmospheric circulation at a regional level i.e. among the air masses trajectories that today bring moisture to the Talos Dome site, those passing through the Ross Sea were then largely suppressed . After the deglaciation, when most of the regional ice loss happened with the retreat and floating of the Ross Ice Sheet (Mackintosh et al., 2011) , the opening of the Ross Sea embayment ∼8 kyr BP marked the beginning of a new phase of retreat of the Ross Ice Shelf (Conway et al., 1999) . The process continued (Baroni and Orombelli, 1991; Baroni and Hall, 2004) , albeit with temporal and spatial variability (Hall et al., 2006) , throughout the Holocene before a neoglacial re-advance during the last millennium (Hall, 2009 ). These events can indeed cause a consequent modification of the regional atmospheric circulation patterns, and the opening of the Ross Sea embayment appears to be coeval with the Holocene decreasing trend in dust flux at Talos Dome, evident in both the 1-5 µm and the 5-10 µm size fractions. The TALDICE δ 18 O profile (Fig. 4a ) records such variations: the weaker amplitude of AIM0 compared with other East Antarctic Plateau sites (e.g. Fig. 4a ) indicates longer and cooler distillation pathways, compared to more direct trajectories from the Southern Ocean, which could occur by transit over the Ross Sea after the Ross Ice Sheet retreat . In addition, the TALDICE δ 18 O profile (Fig. 3a) actually shows an increasing trend during the Holocene starting from ∼8 kyr BP Masson-Delmotte et al., 2011) , a signal that would be coherent with the progressively reduced ice cover in the Ross Sea embayment related to the retreat of the Ross Ice Shelf (Hall, 2009) .
In this scenario, it appears that the change in the distribution of air masses trajectories -with those through the Ross Sea becoming relatively more frequent -is less favourable for the transport of local dust to the TALDICE site. We hypothesize that this may be linked to the higher effectiveness that the air masses coming from the Southern Ocean may have for blowing dust from the non-glaciated areas located at high altitude in Northern Victoria Land to Talos Dome. While explicatory hypotheses remain rather speculative at this stage, the possible explanation may reside in the geographical location of the local dust sources, with respect to the air masses trajectories, or may be linked to the spatial scale/intensity of air masses incursions.
If the assumption that the mechanism depicted above is substantially correct, it seems reasonable to find a relationship between the deglaciation history in the Ross Sea embayment and the decreasing trend of the TALDICE dust record during the Holocene. This scenario, which is based on documented changes in some key parameters relevant for the atmospheric circulation in the Ross Sea area, sets a framework for more extensive analyses aimed at deciphering, with more detail, the underlying mechanisms of the described changes, as well as their possible connections on shorter time scales.
Conclusions
The new dust record from the TALDICE ice core reflects both large-scale dust changes on glacial/interglacial time scales and a regional signal, emerging when dust advection from remote sources was extremely low. Dust deposition at Talos Dome reflects the major climate changes occurring on a hemispheric scale during the last climatic transition, as suggested by the first-order variability of dust in the 1-5 µm size range between 2 and 23 kyr BP. However, the contribution from local dust sources makes Talos Dome sensitive to regional atmospheric circulation changes, in particular, during warm climate periods, such as the end of Termination I and the Holocene.
The relatively high and variable dust deposition at Talos Dome during the last stages of the deglaciation and the early Holocene may reflect the enhanced availability of dust originating from proximal sources, i.e. from glacial drift left behind from retreating glaciers during the initial phase of the retreat of the Ross Ice Sheet between 13 and 9 kyr BP. Afterwards, we suggest that the decreasing trend in dust deposition from 8 kyr BP may be related to less favourable atmospheric transport from proximal dust sources, linked to the changes in atmospheric circulation, in response to the progressive opening of the Ross Sea embayment. Thus, we found a possible link between the deglaciation history of the Ross Sea and the mesoscale atmospheric circulation, which modulates the local dust flux at Talos Dome. Future extension of the TALDICE dust record to the last millennium will allow verification of the response of dust to the neo-glacial re-advance in the Ross Sea (Hall, 2009 ). In addition, future comparisons with other proxies such as marine aerosols and regional atmospheric modelling would help to further understand the atmospheric variability at the site.
